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Abstract  We review the recent progress and successful applications of lattice Boltzmann 
method (LBM) to computational fluid dynamics. To clarify the important issue in the LBM 
simulation, this report shows the recent progress in the LBM, and summarizes both the advantages 
and disadvantages of the LBM. We also discuss the immersed boundary-lattice Boltzmann method 
(IB-LBM) that has received much attention in recent years. Due to the common feature of using 
the Cartesian mesh, the IB-LBM successfully calculates the rigid particle motions in a viscous 
fluid. We present one of key issues in the IB-LBM, and examine the applicability of the Immersed 
Boundary Method to the lattice kinetic scheme (LKS) for particulate flow. 
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Fig. 1 Simulation of underbody flow with 
PowerFLOW. Image courtesy of Exa Japan 
Inc. and Porsche. 
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Fig. 2  Schematic of discrete velocity. 
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Fig. 3  Phase separation in a LB simulation. 
?????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
??????LBM ?????????????
????????????? 
 ?????????????NS???? 
,1 2 Fuuuu +Ñ+Ñ-=Ñ×+¶
¶ nr Pt  (8) 
??? F ??????????????(1)??
??????? Fi???????????? 
( ) ( )
( ) ( ) ( ).,,,
,,
tF
tftf
tftf
it
eq
ii
ittii
x
xx
xcx
dt
dd
n
+--=
-++
 (9) 
 ????? Guo[22]???????? 
( )
,
3:33
2
11
4
2
2 úúû
ù
êêë
é -+×÷÷ø
ö
ççè
æ -=
c
c
c
wF iiii
IccuFFc
nt
r  (10) 
?????????????????????
??????????????(10)??????
?????????? 
,
2
Fcu ti iif
dr +å=  (11) 
??????????????????????
??????????????????(11)??
??????????????????????
??????????????????????
???????????????????? 
 
 
 
 
 
 
 
 
 
  (a) Streamlines      (b) Normalized temperature 
Fig. 4  Natural convection in anisotropic porous 
media. 
 Table 1  The average Nusselt number predictions 
with the generalized equation.  
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(b) Pressure 
Fig. 5  Temporal evolution of velocity and pressure 
in Taylor vortex flow. Mach = 0.3. 
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Fig. 6  Profiles of the velocity of cylindrical Couette 
flows. 
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Fig.7  The lateral migration of the particle. 
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Fig.8  Sedimentation of two particles in a channel. 
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 Fig.9  Transverse coordinates of the centers of the 
two particles. 
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Fig. 10  Longitudinal coordinates of the centers of 
the two particles. 
 [cm2/s]??????? 1.00[g/cm3]???????
1.01 [g/cm3]???? 0.1[cm]????? 1?Particle 
1???0.999[cm], 7.2[cm]????? 2?Particle 2?
??1[cm], 6.8[cm]???????????? 5.0
?10-4[s]????????? A????????
??????????????? Glowinski??
??[37]?????0.5?1.5?2.5?3.0?4.5[s]??
????????????? Fig. 8??????
??????????????????????
Figs. 9, 10????Figs. 9, 10???IB-LKS??
???????????[31]?????????
??????????? 1??? 2??????
???????????????????????
???????????????DKT?Drafting, 
Kissing, Tumbling??? [31]?????????
?? Fig. 8?????? 
 
4. ? ? 
 LBM ??????????????????
??????????????????????
??????????????????????
???[2]?????????????????
??Multiple Relaxation Time, MRT????[39]?
?????????????????????
??????????????????????
?????????????LBM ??????
??????????????????????
????LBM ???????????????
?????International Conference on the Discrete 
Simulation of Fluid Dynamics?DSFC??????
??DSFC?????????????????
?????????????? 7???????
??????????????????????
???????LBM?????LBM?????
????????????????????? 
 
? ? 
 ????????????????????
??????????????????????
??????????????????????
???????????? ????????
??????? ????????????? 
???????????? ?????????
?? ??????????? ???????
??????? 
???? 
 [1] McNamara, G.R. and Zanetti, G., Use of the 
Boltzmann Equation to Simulate Lattice-Gas 
Automata, Physical Review Letters, Vol.61(20), 
2332-2335 (1988). 
 [2] Qian, Y.H., D'Humières D. and Lallemand, P., 
Lattice BGK models for Navier-Stokes Equation, 
Europhysics Letter, Vol.17(6), 479-484 (1992). 
 [3] Qian, Y.H, Succi, S. and Orszag, S.A., Recent 
Advances in Lattice Boltzmann Computing, 
Annual Reviews of Computational Physics, 
Vol.3, 195-242 (1995). 
 [4] Chen, S. and Doolen, G.D., Lattice Boltzmann 
method for fluid flows, Annual Review of Fluid 
Mechanics, Vol.30, 329-364 (1998). 
 [5] Prosperetti, A. and Tryggvason, G. ed., 
Computational Methods for Multiphase Flow, 
157–192, Cambridge University Press, UK 
(2007). 
 [6] Succi, S., The Lattice Boltzmann Equation for 
Fluid Dynamics and Beyond, Oxford University 
Press, USA (2001). 
 [7] Chen, Y. and Ohashi, H., Lattice Boltzmann 
Method: Fundamentals and Applications, Journal 
of the Japan Society for Simulation Technology, 
Vol. 17(3), 213-219 (1998). 
 [8] Watanabe, T., Lattice Boltzmann Method, 
Bulletin of the Japan Society for Industrial and 
applied Mathematics, Vol.16, 31-35, 170-175, 
248-257, 331-338 (2006). 
 [9] Takada, N., Hayashi, H., Seta, T., Yamamoto, K., 
Yoshino, M. and Matsukuma, Y., Numerical 
Analysis of Complex Fluid Flows by the Lattice 
Boltzmann Method, Journal of the Japan Society 
for Computational Engineering and Science 
Vol.14(3), 2102-2123 (2009). 
 [10] Tsutahara, M., Takada, N. and Kataoka, T., 
Lattice Gas and Lattice Boltzmann Methods, 
Corona Publishing, Tokyo (1999). 
 [11] Tsutahara, M., Watari, M., Tanahashi, T. and 
Yabe, T., Frontiers of CFD, 1-80, Kyoritsu 
Publishing, Tokyo (2007). 
 [12] Kobayashi, T. ed. Handbook of Computational 
Fluid Dynamics (in Japanese), 207-216, 
Maruzen Publishing, Tokyo (2002). 
 [13] Aoki, T. and Nukada, A., Introduction to CUDA 
Proguraming, Kogakusha Publishing, Tokyo 
(2009). 
 [14] Peskin, C.S., Flow Patterns around Heart Valves: 
A Numerical Method, Journal of Computational 
Physics, Vol.10, 252-271 (1972). 
 [15] Zheng, H.W., Shu, C. and Chew, Y.T., A Lattice 
Boltzmann Model for Multiphase Flows with 
Large Density Ratio, Journal of Computational 
Physics, Vol.218, 353-371 (2006),  
 [16] Seta, T., Kono, K., Martínez, D. and Chen, S., 
Lattice Boltzmann Scheme for Simulating 
Two-Phase Flows, JSME International Journal B, 
 Vol.43(2), 305-313 (2000). 
 [17] Zou, Q. and He, X., On Pressure and Velocity 
Boundary Conditions for the Lattice Boltzmann 
BGK Model, Physics of Fluids, Vol.9, 
1591-1598 (1997). 
 [18] Inamuro, T., Yoshino, M. and Ogino, F., A 
Non-Slip Boundary Condition for Lattice 
Boltzmann Simulations, Physics of Fluids, 
Vol.7(12), 2928–2930 (1995). 
 [19] Hollis, A.P., Halliday, I. and Care, C.M., An 
Accurate and Versatile Lattice Closure Scheme 
for Lattice Boltzmann Equation Fluids under 
External Forces, Journal of Computational 
Physics, Vol.227, 8065-8082 (2008). 
 [20] Qian, Y.H., Simulating Thermohydrodynamics 
with Lattice BGK Models, Journal of Scientific 
Computing, Vol.8(3), 231-242 (1993). 
 [21] Watari, M. and Tsutahara, M., Possibility of 
Constructing a Multispeed Bhatnagar-Gross- 
-Krook Thermal Model of the Lattice Boltzmann 
Method, Physical Review E, Vol.70, 016703 
(2004). 
 [22] Guo, Z., Zheng, C. and Shi, B., Discrete Lattice 
Effects on the Forcing Term in the Lattice 
Boltzmann Method, Physical Review E, Vol.65, 
046308 (2002). 
 [23] Peng, Y., Shu, C. and Chew, Y.T., Simplified 
Thermal Lattice Boltzmann Model for 
Incompressible Thermal Flows, Physical Review 
E, Vol.68, 026701 (2003). 
 [24] Nithiarasu, P., Sujatha, K.S., Ravindran, K., 
Sundararajan, T. and Seetharamu, K.N., 
Non-Darcy Natural Convection in a 
Hydrodynamically and Thermally Anisotropic 
Porous Medium, Computer Methods in Applied 
Mechanics and Engineering, Vol.188, 413-430 
(2000). 
 [25] Seta, T., Takegoshi, E. and Okui, K., Lattice 
Boltzmann Simulation of Natural Convection in 
Porous Media, Mathematics and Computers in 
Simulation, Vol.72, 195-200 (2006). 
 [26] Zou, Q., Hou, S., Chen, S. and Doolen, G. D., A 
Improved Incompressible Lattice Boltzmann 
Model for Time-Independent Flows, Journal of 
Statistical Physics, Vol.81, 35-48 (1995). 
 [27] Guo, Z., Shi, B. and Wang, N., Lattice BGK 
Model for Incompressible Navier-Stokes 
Equation, Journal of Computational Physics, 
Vol.165, 288-306 (2000). 
 [28] Chen, S., Tölke, J. and Krafczyk, M., A New 
Method for the Numerical Solution of 
Vorticity-Streamfunction Formulations, 
Computer Methods in Applied Mechanics and 
Engineering, Vol.198, 367-376 (2008). 
 [29] Inamuro, T., Ogata,T., Tajima, S. and Konishi, N., 
A lattice Boltzmann Method for Incompressible 
Two-Phase Flows with Large Density 
Differences, Journal of Computational Physics, 
Vol.198, 628-644 (2004). 
 [30] Saiki, Y. and Seta, T., Numerical Analysis of 
Incompressible Flows by the Lattice Boltzmann 
Method, Transactions of the Japan Society of 
Mechanical Engineers B, Vol.74, 2124-2131 
(2008). 
 [31] Niu, X.D., Shu, C., Chew, Y.T. and Peng, Y., A 
Momentum Exchange-Based Immersed 
Boundary-Lattice Boltzmann Method for 
Simulating Incompressible Viscous Flows, 
Physics Letter A, Vol.354, 173-182 (2006). 
 [32] Feng, Z-G. and Michaelides, E.E., The Immersed 
Boundary-Lattice Boltzmann Method for 
Solving Fluid-Particles Interaction Problems, 
Journal of Computational Physics, Vol.195, 
602-628 (2004). 
 [33] Le, G. and Zhang, J., Boundary Slip from the 
Immersed Boundary Lattice Boltzmann Models, 
Physical Review E, Vol.79, 026701 (2009). 
 [34] Wu, J. and Shu, C., Implicit Velocity 
Correction-Based Immersed Boundary-Lattice 
Boltzmann Method and Its Applications, Journal 
of Computational Physics, Vol.228, 1963-1979 
(2009). 
 [35] Inamuro, T., A Lattice Kinetic Scheme for 
Incompressible Viscous Flows with Heat 
Transfer, Philosophical Transactions of the 
Royal Society A, Vol.360, 477-484 (2002). 
 [36] Feng, J., Hu, H.H. and Joseph, D.D., Direct 
Simulation of Initial Value Problems for the 
Motion of Solid Bodies in a Newtonian Fluid. 
Part2. Couette and Poiseuille Flows, Journal of 
Fluid Mechanics, Vol.277, 271-301 (1994). 
 [37] Glowinski, R., Pan, T.-W., Hesla, T.I. and Joseph, 
D.D., A Distributed Lagrange Multiplier/ 
Fictitious Domain Method for Particulate Flows, 
International Journal of Multiphase Flow, Vol.25, 
755-794 (1999). 
 [38] Lallemand, P. and Luo, L.-S., Theory of the 
Lattice Boltzmann Method: Dispersion, 
Dissipation, Isotropy, Galilean Invariance, and 
Stability, Physical Review E, Vol.61, 6546-6562 
(2000). 
 
____________________________________________________________________________________________ 
 
